Cardiovascular disease is the major cause of death in diabetes. It is up to five times more common than in the general population [1] . Disturbance in lipoprotein metabolism and its relation to hyperglycaemia and hyperinsulinaemia appear to be the most important abnormalities that might account for the increase in atherosclerosis [2, 3] . Although hypercholesterolaemia is not particularly associated with diabetes the Scandinavian Simvastatin Secondary Prevention Study [4] has recently shown that lowering cholesterol by 30 % in diabetic patients with myocardial infarction reduced total mortality by 43 %.
P]-labelled cRNA probe. Results. Serum triglyceride and cholesterol were greatly increased in diabetic compared with control animals (258 ± 77 and 8.9 ± 6.4 mg/ml vs 1.04 ± 0.37 and 0.54 ± 0.03 mg/ml, p < 0.0001). Lymph chylomicron triglyceride and cholesterol were also higher in diabetic rats (29.4 ± 27.3 and 0.28 ± 0.3 mg/h vs 16.8 ± 10.6 and 0.18 ± 0.09 mg/h, p < 0.05). Lymph chylomicron apo B48 was similar in the two groups. Intestinal microsomal triglycerol transfer protein mRNA was higher in the diabetic rats (12.6 ± 3.2 vs 3.8 ± 3.0 amol/mg RNA, p < 0.0001) and there was a positive correlation between lymph triglyceride and microsomal triglycerol transfer protein mRNA in the whole group (r = 0.65, p < 0.01). Conclusion/interpretation. The study shows that microsomal triglycerol transfer protein mRNA is raised in diabetes without an increase in apolipoprotein B48 in the lymph suggesting that microsomal triglycerol transfer protein regulates chylomicron triglyceride content but not particle number. [Diabetologia (1999) 
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of apo B48 on the chylomicron particle in humans [11] and rats [12] . In humans apo B48 is only formed in the intestine [13] but in some animals including the rat it is also formed in the liver. Chylomicron cholesterol composition depends on cholesterol absorption and de novo cholesterol synthesis in the intestinal mucosa. AcylcoenzymeA cholesterol:acyltransferase (ACAT) is involved in chylomicron formation and decreased apo B48 in the lymph of rats treated with an ACAT inhibitor has been reported [14] . We have shown an increase in post-prandial apo B48 in poorly controlled diabetes [15±17] and that dietary cholesterol was responsible for an increase in production of small chylomicron particles in diabetic patients [7] . Improvement in diabetic control resulted in reduction in post-prandial apo B48-containing chylomicron particles [18] but we were unable to clearly define the effect of diabetes on chylomicron assembly as opposed to clearance.
Microsomal triglyceride transfer protein (MTP) catalyses the transfer of triglycerides, cholesterol esters and phospholipids. It is found in the endoplasmic reticulum of hepatocytes and enterocytes and is involved in the assembly of apolipoprotein B-containing particles [19] . It has been shown to regulate apo B secretion in rat hepatoma cells and primary rat hepatocytes [20] and in HepG2 cells. Insulin and high concentrations of glucose have been shown to decrease MTP mRNA expression [21] . Little is known of the effect of insulin and glucose on MTP production in the enterocyte although reference has been made [22] to MTP mRNA being unchanged in the intestine of insulin-deficient rats. Our study was to examine the relation between MTP and apo B48 in the synthesis of the chylomicron in the diabetic rat model.
Materials and methods
Animals. Male Sprague Dawley rats (n = 40) weighing between 350 and 500 g were fed a commercial rat pelleted diet. Of these, 20 rats were made diabetic by subcutaneous injection with streptozotocin (Sigma, Poole, UK) (60 mg/kg in 0.2 mmol/l sodium citrate buffer, pH 4). Each diabetic rat was paired with a control rat and the control rat was injected with buffer alone. Urinary glucose concentrations were monitored to confirm diabetic status. Rats with a urine glucose greater than 24 mmol/l were considered to be diabetic and diabetes was confirmed by blood glucose determination at death. The weight and food intake of each rat was monitored daily. The principles of laboratory animal care (NIH publication number 85.23) revised 1985 were followed. Animals were housed under license from the Department of Health and experiments were carried out according to Irish law as administered by the Department of Health.
Lymph duct cannulation. On the 5th day after diabetes had been induced the diabetic and control rat pairs were switched to a diet of sunflower seeds. After 2 days on this diet, control and insulin-deficient rats were given by gavage 1.5 ml of a freshly prepared cholesterol emulsion containing 110 mg cholesterol with 90 mg phosphotidyl choline (Sigma) dissolved in chloroform. The solvent was evaporated off over nitrogen and the mixture sonicated with warm (55°C) saline for 20 min using a Branson Sonifier 250 probe at 50 % duty cycle, output 5 with a flat tip (Branson Ultrasonics, Danbury, Conn., USA).
One hour after gavage rats were anaesthetised and a 2 mm portex tube inserted in the thoracic lymph duct through a transverse incision in the abdominal wall. The tubing was allowed to exit from the left-hand side of the incision which was then closed with a 4.0 nylon suture. A small section of the wound remained open to expose the stomach. Rats were hydrated hourly by gastric injection of 1.5 ml normal saline and lymph was collected for 4 h. Rats remained anaesthetised for the entire procedure. After 4 h rats were exsanguinated by cardiac puncture and the intestine removed and weighed. In 7 of the diabetic and 7 control rats, the intestine was washed with PBS and the intestinal mucosa scraped off and snap frozen in liquid nitrogen for MTP mRNA determination. Samples were stored at ±70°C and analysed within 6 months.
Preparation of chylomicrons. Lymph was collected for 4 h immediately after cannulation. Aprotinin (0.05 TIU) NaN 3 (0.02 %, w/v) EDTA (0.1 %, w/v), PPACK II (1 mmol/l), and PMSF (0.1 mmol/l) were added to protect the lymph from oxidation and degradation and the volume of lymph collected was measured. Lymph was overlaid with 1.006 density solution and centrifuged at 10°C in a Sorval TFT 45.6 fixed angle rotor in a Sorval Combi Plus centrifuge (Dupont, Wilmington, Del., USA) for 30 min at 20 000 rev/min. The opaque layer at the top of the tube containing lymph chylomicrons was removed using a fine glass pipette, the volume was measured chylomicrons were stored at 4°C. ApoB48 and lipoproteins were determined within 1 week of lymph collection.
Quantification of apo B48. Lymph apo B48 was measured using a modification of the method previously described for human plasma apo B48 [7] . Lymph chylomicrons were partially delipidated by mixing 62.5 ml of sample with 375 ml of diethyl ether. Samples were centrifuged for 15 min in microfuge (International Equipment Company (IEC), Needham Heights, Mass., USA), at 14 000 rev/min and room temperature and the organic phase discarded. The protein was dried and re-dissolved in 24 ml of denaturing buffer (0.1 mol/l TRIS HCl, pH 6.8, 4 % (w/v) SDS, 2 % (v/v) b-mercaptoethanol, 0.01 % (w/v) bromophenol blue, 20 % (v/v) glycerol), heated for 5 min at 96°C, and loaded on a 4±15 % polyacrylamide gel. Electrophoresis was for 1 h at 60 mA constant current in 0.019 mol/l TRIS, 0.192 mol/l glycine.
We used LDL, isolated from human plasma by sequential ultracentrifugation as an apo B100 protein standard. Apo B100 protein standards (0.4 mg, 0.6 mg and 1.0 mg) were applied to each gel. We calculated LDL protein concentration from the mean value of ten determinations measured by a modified Lowry procedure [23] .
Gels were stained for 1 h with Coomassie Blue R250 0.1 % (w/v) in methanol:water:acetic acid, (4:5:1 v/v) and destained with the same solvent. The bands were quantified by densitometry using Vilber Lourmat equipment (Vilber Lourmat Biotechnology, Marne le Vallee, France). Video images of the gels were generated and imported into Bio1D v6.32 software (Vilber) for analysis. Density values were assigned to the apo B100 bands of the human LDL and a standard curve constructed. The values were recalculated by linear regression and curves with a correlation coefficient 0.95 accepted. The concentration of apoB48 was determined from this standard. Previous researchers [24] showed equal chromogenicity for apo B100 and apo B48 bands and we have shown that apoB100 staining is linear within the range 0.1±2.0 mg of protein.
Lipoprotein analysis. Triglyceride and cholesterol in lymph chylomicrons and serum samples were determined by enzymatic colorimetric methods using kits from Boehringer Mannheim (Mannheim, Germany). Protein determination was by the Bradford method using Coomassie Protein Reagent (Pierce, Chester, UK).
Microsomal triglyceride transfer protein (MTP) mRNA. For determination of MTP mRNA, total RNA was isolated at 4°C using the ultraspec RNA isolation system (Biotecx, Houston, Tex., USA) [25] . Intestinal mucosa was homogenised in a potter homogeniser in Ultraspec and chloroform extracted. RNA was precipitated with isopropanol and washed with 75 % ethanol. Total RNA was quantified by absorbance at 260 nm assuming 1 OD unit = 39 mg RNA/ml. Reverse transcription PCR was used to amplify a 223 base pair MTP cDNA fragment corresponding to nucleotides 88 to 311 of the human cDNA sequence as previously described [26] . This PCR product was used to construct a cDNA probe which was rat specific. A [ 32 P]-labelled cRNA probe and a synthetic mRNA standard were synthesised using a Maxiscript T7/T3 transcription kit (AMS Biotechnology). The amount of MTP mRNA was quantified by solution hybridisation assay using an RPA11 RNAse protection Kit (AMS Biotechnology). Increasing amounts of synthetic mRNA were used to construct standard curves from which the amount of MTP mRNA were calculated and expressed in amol MTP mRNA/mg total RNA normalised to 20 ng poly A/mg total RNA. Statistical analysis. Results were expressed as means ± SD. Statistical analysis was done using the Student paired t test and ANOVA analysis of variance. Correlation coefficients were determined by linear and curvilinear regression analysis using Statworks software (Computer Associates International Islandia, N. Y., USA) on an Apple Macintosh computer. Values of p < 0.05 were considered to be statistically significant.
Results
Mean weight of control rats at the beginning of the study was similar to the diabetic rats (404 ± 64 vs 422 ± 48 g n = 18). At the end of the study the weight of control rats was 395 ± 64 g and diabetic rats was 347 86 g (n = 20) (p < 0.05) showing the usual weight loss of the diabetic animal model. Blood glucose for the control rats was 4.4 ± 1.5 compared with 20.1 ± 5.3 mmol/l for the diabetic animals (p < 0.0001).
Serum triglycerides in the control animals were 1.04 ± 0.37 mg/ml and in the diabetic animals 258 ± 77 mg/ml (p < 0.0001). Serum cholesterol was 0.54 ± 0.03 mg/ml compared with 8.9 ± 6.4 mg/ml (p < 0.0001). There was no difference in serum protein between the two groups (34.7 ± 0.33 vs 36.0 ± 5.8 mg/ ml) ( Table 1) .
Lymph chylomicron triglyceride was higher in the diabetic rats (29.4 ± 27.3 vs 16.8 ± 10.6 mg/h p < 0.05) (Table 1) Lymph chylomicron cholesterol was also higher in the diabetic rats (0.28 ± 0.3 vs 0.18 ± 0.09 mg/h, p < 0.05). Lymph chylomicron protein was not significantly different between the control and diabetic rats and lymph chylomicron apo B48 was similar in the 2 groups (11.3 ± 4.4 vs 9.1 ± 4.0 mg/h). There was, however, a significant difference in the ratio of cholesterol + triglyceride to apo B48 between diabetic and control rats (p < 0.02).
There was a positive correlation between serum triglyceride and lymph triglyceride in the control rats (r = 0.69, p < 0.02) but no correlation in the diabetic rats. There was no correlation between serum and lymph cholesterol in either group. There was a positive correlation between lymph cholesterol and lymph triglyceride in the diabetic and control rats (r = 0.67, p < 0.020 and r = 0.55, p < 0.05 respectively) Means ± SD a p < 0.05, b p < 0.0001 different from control and a positive correlation between lymph protein and lymph cholesterol in the diabetic rats (r = 0.78, p < 0.003) but no correlation in the control rats. Rat intestinal MTP mRNA concentration was higher in the diabetic than the control rats 12.64 ± 3.20 compared with 3.76 ± 3.03 amol MTP mRNA/mg total mRNA (p < 0.0001) (Fig. 1 ). There was a positive curvilinear correlation between lymph triglyceride and MTP (r = 0.65, p < 0.01) when diabetic and control rats were included in the analysis (Fig. 2) and a positive correlation between lymph cholesterol and MTP mRNA (r = 0.49, p < 0.05) (Fig. 3) 
Discussion
Diabetes in the rats was associated with weight loss and massive hypertriglyceridaemia and hypercholesterolaemia showing severe insulinopaenia. We and others have shown that the intestinal hypertrophy which occurs in diabetes is associated with an increase in 3hydroxy3methylglutaryl coenzyme A (HMGCoA) reductase the rate limiting enzyme for cholesterol synthesis [8±10] . The cannulation of the lymphatic duct allowed us to examine the chylomicron before it entered the circulation and we could therefore dissociate synthesis from clearance. Post-prandial lymph chylomicron triglyceride and cholesterol were significantly higher in the diabetic animals with no difference in apo B48 compared with the control rats. Thus the chylomicron particle being delivered to the circulation was both cholesterol and triglyceride enriched.
Microsomal triglyceride transfer protein regulates triglyceride transfer between membranes and is essential for chylomicron and VLDL production [19] . It has been shown to stimulate apo B100 secretion in rat hepatoma cells and primary rat hepatocytes [20] and it appears to be regulated by insulin and cholesterol both in the human and the hamster [27] . The results in the HepG2 cells which showed that insulin suppressed MTP mRNA suggests that in diabetes, lack of insulin would result in raised MTP and increased apo B secretion. We found a statistically significant threefold increase in MTP mRNA in the intestine of diabetic compared with control rats. Our results suggest that if MTP mRNA is translated into MTP protein, MTP does not stimulate apo B48 production. This finding is supported by a recent study [28] that found, in Caco-2 cells (an intestinally derived cell line that secretes both apo B100 and apo B48) that MTP inhibition reduced apo B100 secretion but had no effect on apo B48. Thus in the intestine MTP appears to be important in regulating the triglyceride content of the chylomicron particle without increasing the number of particles. In diabetes the increase in MTP mRNA was associated with a triglyceride-enriched particle. The study suggests that a drug which could either interfere with MTP action or down regulate MTP mRNA might be of value in reducing the triglyceride-enriched chylomicron particle found in diabetes.
The effect of particle size on plasma clearance of chylomicrons could be of great importance in our quest to understand the atherogenicity of the chylomicron particle. The clearance from plasma of chylomicron emulsion particles has been examined [29] . When equal numbers of either small or large particles were injected into rats the large particles were slower to clear than the small particles (p < 0.001) and larger particles were found to be lipolised less than small ones (p < 0.001). It is possible that the delay in clearance of these large particles may impede the clearance of VLDL particles since apo B48-containing particles are preferentially taken up by the BE receptor in the liver [30] .
In conclusion our study has shown that in diabetes MTP mRNA is increased in the intestine and is associated with a triglyceride-enriched chylomicron particle.
